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METHOD AND CIRCUIT FOR
SHORT-CIRCUIT AND OVER-CURRENT
PROTECTION IN A DISCHARGE LAMP

SYSTEM

TECHNICAL FIELD

The present invention relates to the driving of fluorescent
lamps, and more particularly, protection methods and sys-
tems for driving cold cathode fluorescent lamps (CCFL),
external electrode fluorescent lamps (EEFL), and flat fluores-
cent lamps (FFL). It 1s, but not exclusively, concerned with a
circuit for driving one or more lamps which may be used for
lighting a display.

BACKGROUND OF INVENTION

Short circuit protection 1s required 1 a discharge lamp
inverter application for satety and reliability reasons. When a
shorted lamp condition occurs, a protection circuit 1s needed
to reduce the power level or shut down the circuit completely
to avoid circuit breakdown or other possible catastrophic
situations.

FIG. 1 shows a typical CCFL iverter where the lamp
voltage can be as high as one thousand volts. For human
satety, UL60950 standard requires that the current through a
2 KOhm resistor should be within the following range when
any two points in the mverter board 1s shorted by the resistor.
2 KOhm 15 a typical resistance of a human body.

(2 mA, when current 1s DC,

0.7 mA peak, when frequency< 1 KHz,

0.7(KHz) mA peak, when 1 KHz < frequency < 100 KHz,
|70 mA peak, when frequency= 100 KHz,

FI1G. 2 shows a prior art short-circuit protection method by
sensing the mverter transformer’s secondary winding current.
An RC network, Rx and Cx, 1s added 1in series with the
transformer’s secondary winding to ground for sensing the
transformer’s secondary winding current. If the voltage drop
of the RC network 1s larger than a threshold value, the short
circuit protection 1s triggered. However, the RC network can-
not pick up shorted current information when the transform-
er’s secondary winding 1s shorted, such as at nodes Z and X.
Another conventional method for short-circuit protection is to
sense the duty cycle of the inverter. When the duty cycle 1s
saturated and reaches i1ts maximum value, the short-circuit
protection 1s triggered. However, this method does not pro-
vide any direct information on the short-circuit condition.

An mmproved method 1s desired to detect a short-circuit
condition even when the transformer’s secondary winding 1s
shorted and to trigger the short-circuit protection.

BRIEF DESCRIPTION OF DRAWINGS

The following figures illustrate embodiments of the mven-
tion. These figures and embodiments provide examples of the
invention and they are non-limiting and non-exhaustive.

FIG. 1 shows a prior art full-bridge CCFL 1nverter.

FI1G. 2 shows a prior art short-circuit protection method by
sensing a transformer’s secondary winding current.

FI1G. 3 1llustrates a block diagram of the present invention.

FIG. 4 1llustrates some key operating waveforms of the
circuit 1n FIG. 3.
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FIG. § 1llustrates embodiments of the present invention
with discrete components.

FIG. 6 illustrates embodiments of the present mvention
with 1ntegrated circuit (IC) integration.

DETAILED DESCRIPTION

Embodiments of systems and methods for short circuit
protection are described in detail herein. In the following
description, some specific details, such as example circuits
for these circuit components, are included to provide a thor-
ough understanding of embodiments of the mvention. One
skilled 1n relevant art will recognize, however, that the inven-
tion can be practiced without one or more specific details, or
with other methods, components, matenals, etc.

The following embodiments and aspects are illustrated 1n
conjunction with systems, circuits, and methods that are
meant to be exemplary and illustrative. In various embodi-
ments, the above problem has been reduced or eliminated,
while other embodiments are directed to other improvements.

The present invention relates to circuits and methods of
short-circuit detection and protection in discharge lamp
applications. The transformer’s primary current 1s sensed and
used to trigger the short-circuit protection. In accordance with
the present invention, the circuits can achieve the short-circuit
protection even when the transformer’s secondary winding 1s
shorted.

FIG. 3 1llustrates a block diagram of the present invention.
In the circuit, the primary winding side includes a sensing
capacitor Cs. Node C, coupled to the sensing capacitor, 1s
used as a sensing node. The voltage V . at node C represents
the sensing voltage of Cs and 1s used as an nput signal to a
detector network that comprises a voltage divider, a negative
voltage sensing circuit, and a DC bias circuit. The voltage
divider recerves the voltage Ve and sends a modified sensing
voltage V' to the negative voltage sensing circuit that pro-
vides the negative portion V ., 0of V' to the DC bias circuit.
The DC bias circuit receives V .., and applies a DC bias
voltage to V -, such that the combined voltage V .. 1s always
positive.

Some key operating wavetorms of the circuit in FIG. 3 are
illustrated in FIG. 4. Vrl and V12 are selected voltage values
with Vr1>Vr2. Under normal operating conditions, the mini-
mum value of V¢ 1s larger than Vr2 but smaller than Vrl. If a
short-circuit condition occurs on the secondary winding side
of the transformer, the minimum value of V . becomes smaller
than the selected voltage value Vr2. It the sensing capacitor
Cs 1s shorted, the minimum value of V . becomes larger than
the selected voltage value Vrl. In fact, when the sensing
capacitor Cs 1s shorted, V . 1s defined by the DC bias voltage
since there 1s no negative portion 1n the sensing voltage Vc.

In one embodiment of the present invention, the minimum
value of V. 1s used to detect a short-circuit condition of the
transformer’s secondary winding side and/or a Cs short con-
dition. If the minimum value of V. 1s smaller than Vr2, 1t
indicates a short circuit condition of the transformer’s sec-
ondary winding side. If the minimum value of V. 1s larger
than Vrl, it indicates a short sensing capacitor Cs condition.

In another embodiment of the present invention, V. 1s an
input signal to the positive input terminal of a comparator C1
whose negative input terminal 1s coupled to Vrl. V. 1s also an
input signal to the negative mput terminal of another com-
parator C2 whose positive input terminal 1s coupled to Vr2. IT
the mimmimum value o1V . 1s larger than Vrl, the output signal
of C1 triggers a Cs short protection, and 11 the minimum value
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of V. 1s smaller than Vr2, the output signal of C2 triggers a
short-circuit protection of the transformer’s secondary wind-
ing side.

FI1G. 5(a), 5(b), 5(c), and 5(d) 1llustrate the embodiments of
the present invention implemented with exemplary discrete
components. In FIG. 5(a), the node C 1s coupled to areference
voltage V... through resistors R1 and R2 1n series. In this
circuit, the DC bias 1s V,.~*R1/(R1+R2) while the V¢ sens-
ing factor of 1ts negative part equals to R2/(R1+R2). In FIG.
5(b), the node C 1s coupled to a node C' through a diode D1.
C' 1s grounded through a capacitor CC1 and 1s coupled to a
reference voltage V ,, .- through resistors R1 and R2 1n series.
Similar to FI1G. 5(a), the DC bias 1s V- ~*R1/(R1+R2), while
the V¢ sensing factor of its negative part equals to R2/(R1+
R2). In FIG. 5(c), the node C 1s coupled to the emitter of a
transistor T1 through a resistor R1. T1’s base 1s grounded and
its collector 1s coupled to a reference voltage V. through
another resistor R2. In this circuit, the DC bias voltage 1SV 5 -
while the V¢ sensing factor of 1ts negative part equals R2/R1.

The circuit in FI1G. 5(d) does not include a DC bias circuit
and 1s different from those in FIG. 5(a), 5(b) and 5(c¢). In FIG.
5(d), the node C 1s coupled to a node C' through a diode D1.
C'1s grounded through a resistor R1 and coupled to the node
S through a capacitor CC1 and a resistor R2 1n series. CC1
shifts the sensing voltage to an AC voltage. The node S 1s
grounded through a resistor R3. The sensing factor of the AC
voltage’s negative peak value equals to R3/(R2+R3). In the
circuit, a DC bias circuit 1s not required since the maximum
voltage value of the shifted sensing voltage 1s above zero.

In FIG. 5(a), 5(b), and 5(¢), 1f the minimum value of V. 1s
larger than Vrl, the output signal of C1 triggers a Cs short
protection; and 1f the minimum value of V. 1s smaller than
V12, the output signal of C2 triggers a short-circuit protection
of the secondary winding side.

In FIG. 5(d), 1if the maximum value o1 V .. 1s larger than Vr1,
the output signal of C2 triggers a short-circuit protection of
the secondary winding side; and 11 the maximum value of V.
1s smaller than Vr2, the output signal of C1 triggers a Cs short
protection. Thus, as seen above, various implementations are
shown, but which are understood to be not exhaustive and the
genus claims delineate the present invention.

FIGS. 6{(a) and 6()) 1llustrate embodiments of the present
invention with IC integration where many of the components
are integrated onto an IC. In both FIG. 6(a) and FIG. 6(b), the
circuits comprise a voltage divider that contains resistors R1
and R2. The voltage divider 1s typically adjusted for different
applications. R1 and R2 can be replaced by two capacitors 1n
series. In an alternative connection, R1 can also be grounded
instead ol being connected to the node B. However, 1t requires
more power dissipations i R1 and R2 with the alternative
connection. Resistors R3 and R4 are built inside IC portion of
the circuit and they have values significantly larger than R1
and R2. In FIG. 6(a), the node C 1s coupled to the node
through the voltage divider. And, C' 1s coupled to a reference
voltage V.- through resistors R1 and R2 in series. The
voltage at the node C" 1s an 1nput signal to an amplifier K that
outputs a voltage signal V _. In F1G. 6(b), the node C1s coupled
to the node C' through the voltage divider. C' 1s coupled to the
emitter of a transistor T1 through a resistor R1. T1’s base 1s

grounded and 1ts collector 1s coupled to a reference voltage
V .- through another resistor R2. In FIG. 6(a), the DC bias

voltage 1s V. ~*R4/(R1+R2)*R4/(R3+R4) and the V¢ sens-
ing factor of 1ts negative part is K*R1/(R1+R2)*R4/(R3+R4).
In FIG. 6(b), the DC bias voltage 1s V.~ and the V¢ sensing
factor of 1ts negative part 1s R1/(R1+R2)*R4/R3.

In both FIG. 6(a) and 6(d), 1f the minimum value of V. 1s

larger than Vrl, the output signal of C1 triggers a Cs short
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4

protection; and if the minimum value of V¢ 1s smaller than
V12, the output signal of C2 triggers a short-circuit protection
for the transformer’s secondary winding side.

In the present invention, the voltage on the transformer’s
primary winding side or low-voltage side 1s used for the
short-circuit detection of the transformer’s secondary wind-
ing side or high voltage side. A sensing capacitor, located on
the transformer primary winding side, 1s used to provide a
sensing voltage to a detector network. In one embodiment of
the present imvention, the negative portion of the sensing
voltage 1s sensed and then biased to produce a positive voltage
by a DC bias circuit. The mimimum value of the biased posi-
tive voltage 1s then used to detect the short-circuit condition
and/or the sensing-capacitor-short condition. In another
embodiment of the present invention, the negative portion of
the sensing voltage 1s sensed and then coupled through
another sensing capacitor to produce an AC output signal. The
maximum value of the AC output signal 1s positive and 1s used
to detect the short-circuit condition of the transformer’s high-
voltage side and/or the sensing-capacitor-short condition. In
another embodiment of the present imvention, a voltage
divider 1s applied across the sensing capacitor or coupled
between one end of the sensing capacitor and ground so that
similar negative peak values of the sensing voltage can be
obtained in circuits with different sensing capacitor values.

The description of the invention and 1ts applications as set
forth herein 1s illustrative short-circuit protection and 1s not
intended to limit the scope of the invention. Varnations and
modifications of the embodiments disclosed herein are pos-
sible, and practical alternatives to and equivalents of the vari-
ous elements of the embodiments are known to those of
ordinary skill in the art. Other variations and modifications of
the embodiments disclosed herein may be made without
departing from the scope and spirit of the mnvention.

We claim:

1. A method for detecting a short-circuit condition 1n a
discharge lamp system, comprising:

providing a sensing voltage to a detector network from a

sensing capacitor in serial with the primary winding side
of the system:;

applying a DC bias voltage to said sensing voltage and

deriving a detecting voltage signal, wherein the mini-
mum value of said detecting voltage signal 1s above zero;
and
using the minimum value of said detecting voltage signal to
determine whether a short-circuit condition exists;

wherein a short-sensing-capacitor condition 1s detected 1f
the minimum value of said detecting voltage signal 1s
larger than a first reference voltage, and a short-circuit
condition 1s detected 1f the mimmum value of said
detecting voltage signal 1s smaller than a second refer-
ence voltage, said first reference voltage 1s larger than
said second reference voltage and the minimum value of
said detecting voltage signal 1s larger than said second
reference voltage but smaller than said first reference
voltage under normal operation conditions.

2. The method 1n claim 1, wherein said detecting voltage
signal 1s connected to an input terminal of a first comparator
having 1ts other input terminal being connected to said first
reference voltage, said detecting voltage signal also con-
nected to an input terminal of a second comparator having its
other input terminal being connected to said second reference
voltage, and

11 the minimum value of said detecting voltage signal 1s

larger than said first reference voltage, said first com-
parator sends an output signal to trigger a short-sensing-
capacitor condition; and
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if the minimum value of said detecting voltage signal 1s
smaller than said second reference voltage, said second
comparator sends another output signal to trigger a
short-circuit condition.

3. The method 1n claim 1, wherein said detector network
comprises a voltage divider that 1s coupled between one end
ol said sensing capacitor and the other end of said sensing
capacitor or ground, and said voltage divider provides said
sensing voltage.

4. The method 1n claim 3, wherein said voltage divider
comprises two resistors 1n series or two capacitors in series.

5. A method for detecting a short-circuit condition 1n a
discharge lamp system, comprising:

providing a sensing voltage to a detector network from a

sensing capacitor in serial with the primary winding side
of the system, wherein said detector network includes a
negative-voltage sensing circuit and a DC bias circuit;

sensing the negative portion of said sensing voltage

through said negative-voltage-sensing circuit;

applying a DC bias voltage from said DC bias circuit to the

negative portion of said sensing voltage and deriving a
detecting voltage signal, wherein the minimum value of
said detecting voltage signal 1s above zero; and
using the minimum value of said detecting voltage signal to
determine whether a short-circuit condition exists;

wherein a short-sensing-capacitor condition 1s detected 1f
the minimum value of said detecting voltage signal 1s
larger than a first reference voltage, and a short-circuit
condition 1s detected i1f the mimimum value of said
detecting voltage signal 1s smaller than a second refer-
ence voltage, said first reference voltage 1s larger than
said second reference voltage and the minimum value of
said detecting voltage signal 1s larger than said second
reference voltage but smaller than said first reference
voltage under normal operation conditions.

6. The method 1n claim 5, wherein said negative-voltage-
sensing circuit comprises a diode.

7. The method 1n claim 5, wherein said detecting voltage
signal 1s connected to an mput terminal of a first comparator
having 1ts other input terminal being connected to said first
reference voltage, said detecting voltage signal also con-
nected to an iput terminal of a second comparator having its
other input terminal being connected to said second reference
voltage, and

if the minimum value of said detecting voltage signal 1s

larger than said first reference voltage, said first com-
parator sends an output signal to trigger a short-sensing-
capacitor condition; and

if the minimum value of said detecting voltage signal 1s

smaller than said second reference voltage, said second
comparator sends another output signal to trigger a
short-circuit condition.

8. The method 1n claim 5, wherein said detector network
turther comprises a voltage divider that 1s coupled between
one end of said sensing capacitor and the other end of said

sensing capacitor or ground, and said voltage divider provides
said sensing voltage.

9. The method 1n claim 8, wherein said voltage divider
comprises two resistors 1n series or two capacitors in series.

10. A method for detecting a short-circuit condition 1n a
discharge lamp system, comprising:
providing a sensing voltage to a detector network from a
sensing capacitor in serial with the primary winding side
of the system, wherein said detector network comprises
a negative-voltage-sensing circuit and a second capaci-
for;
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6

sensing the negative portion of said sensing voltage

through said negative-voltage-sensing circuit;

coupling said negative portion of said sensing voltage to

said second capacitor and dertving a detecting voltage
signal; and
using the maximum value of said detecting voltage signal
to determine whether a short-circuit condition exists;

wherein a short-circuit condition 1s detected if the maxi-
mum value of said detecting voltage signal 1s larger than
a first reference voltage, and a short-sensing-capacitor
condition 1s detected if the maximum value of said
detecting voltage signal 1s smaller than a second refer-
ence voltage, said first reference voltage 1s larger than
said second reference voltage and the maximum value of
said detecting voltage signal 1s larger than said second
reference voltage but smaller than said first reference
voltage under normal operation conditions.

11. The method 1n claim 10, wherein said detecting voltage
signal 1s connected to an input terminal of a first comparator
having its other mput terminal being connected to said first
reference voltage, said detecting voltage signal also con-
nected to an iput terminal of a second comparator having its
other input terminal being connected to said second reference
voltage, and

11 the maximum value of said detecting voltage signal 1s

larger than said first reference voltage, said first com-
parator sends an output signal to trigger a short-circuit
condition; and

11 the maximum value of said detecting voltage signal 1s

smaller than said second reference voltage, said second
comparator sends another output signal to trigger a
short-sensing-capacitor condition.

12. The method 1n claim 10, wherein said detector network
turther comprises a voltage divider that 1s coupled between
one end of said sensing capacitor and the other end of said
sensing capacitor or ground, and said voltage divider provides
said sensing voltage.

13. The method 1n claim 12, wherein said voltage divider
contains two resistors 1n series or two capacitors in series.

14. A system capable of detecting a short-circuit condition,
and triggering a short-circuit protection 1n a discharge lamp
system, comprising;:

a sensing capacitor in serial with the primary winding side;

and

a detector network that comprises a DC bias circuit to

receive a sensing voltage signal from said sensing
capacitor, apply a DC bias voltage to said sensing volt-
age, dertve a detecting voltage signal, and use the mini-
mum value of said detecting voltage signal to determine
whether a short-circuit condition exists, wherein the

minimum value of said detecting voltage signal 1s above
Zer0;

wherein said detector network detects a short-sensing-ca-
pacitor condition 11 the minmimum value of said detecting
voltage signal 1s larger than a first reference voltage, and
detects a short-circuit condition 1f the mimmum value of
said detecting voltage signal 1s smaller than a second
reference voltage, said first reference voltage 1s larger
than said second reference voltage and the minimum
value of said detecting voltage signal 1s larger than said
second reference voltage but smaller than said first ret-
erence voltage under normal operation conditions.

15. The system 1n claim 14, wherein said detecting voltage
signal 1s connected to an mput terminal of a first comparator
having 1ts other input terminal being connected to said first
reference voltage, said detecting voltage signal also con-
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nected to an mput terminal of a second comparator having its
other mnput terminal being connected to said second reference
voltage, and

if the minimum value of said detecting voltage signal 1s
larger than said first reference voltage, said first com-
parator sends an output signal to trigger a short-sensing-
capacitor condition; and

if the minimum value of said detecting voltage signal 1s
smaller than said second reference voltage, said second
comparator sends another output signal to trigger a
short-circuit condition.

16. The system 1n claim 14, wherein said detector network
turther comprises a voltage divider that 1s coupled between
one end of said sensing capacitor and the other end of said
sensing capacitor or ground, and said voltage divider provides
said sensing voltage.

17. The system 1n claim 16, wherein said voltage divider
comprises two resistors 1n series or two capacitors in series.

18. A system capable of detecting a short-circuit condition,
and triggering a short-circuit protection 1n a discharge lamp
system, comprising:

a sensing capacitor in serial with the primary winding side;

and

a detector network that comprises a negative-voltage-sens-

ing circuit and a DC bias circuit to recerve a sensing
voltage signal from said sensing capacitor, subtract the
negative portion of said sensing voltage through said
negative-voltage-sensing circuit, apply a DC bias volt-
age from said DC bias circuit to the negative portion of
said sensing voltage, derive a detecting voltage signal,
and use the minimum value of said detecting voltage
signal to determine whether a short-circuit condition

exists, wherein the minimum value of said detecting
voltage signal 1s above zero;

wherein said detector network detects a short-sensing-ca-
pacitor condition 1f the minimum value of said detecting
voltage signal 1s larger than a first reference voltage, and
detects a short-circuit condition 1f the minimum value of
said detecting voltage signal 1s smaller than a second
reference voltage, said first reference voltage 1s larger
than said second reference voltage and the minimum
value of said detecting voltage signal 1s larger than said
second reference voltage but smaller than said first ref-
erence voltage under normal operation conditions.

19. The system 1n claim 18, wherein said negative-voltage-
sensing circuit comprises a diode.

20. The system 1n claim 18, wherein said detecting voltage
signal 1s connected to an input terminal of a first comparator
having its other mput terminal being connected to said first
reference voltage, said detecting voltage signal also con-
nected to an mput terminal of a second comparator having its
other mput terminal being connected to said second reference
voltage, and

if the minimum value of said detecting voltage signal 1s
larger than said first reference voltage, said first com-
parator sends an output signal to trigger a short-sensing-
capacitor condition; and
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11 the minimum value of said detecting voltage signal 1s
smaller than said second reference voltage, said second
comparator sends another output signal to trigger a
short-circuit condition.

21. The system 1n claim 18, wherein said detector network
turther comprises a voltage divider that 1s coupled between
one end of said sensing capacitor and the other end of said
sensing capacitor or ground, and said voltage divider provides
said sensing voltage.

22. The system 1n claim 21, wherein said voltage divider
comprises two resistors 1n series or two capacitors in series.

23. A system capable of detecting a short-circuit condition,
and triggering a short-circuit protection 1n a discharge lamp
system, comprising;:

a sensing capacitor in serial with the primary winding side;

and

a detector network that comprises a negative-voltage-sens-
ing circuit and a second capacitor to receive a sensing
voltage signal from said sensing capacitor, subtract the
negative portion of said sensing voltage through said
negative-voltage-sensing circuit, couple the negative
portion of said sensing voltage through said second
capacitor to derive a detecting voltage signal, and use the
maximum value of said detecting voltage signal to deter-
mine whether a short-circuit condition exists;

wherein said detector network detects a short-circuit con-
dition 1f the maximum value of said detecting voltage
signal 1s larger than a first reference voltage, and detects
a short-sensing-capacitor condition if the maximum
value of said detecting voltage signal 1s smaller than a
second reference voltage, said first reference voltage 1s
larger than said second reference voltage and the maxi-
mum value of said detecting voltage signal 1s larger than
said second reference voltage but smaller than said first
reference voltage under normal operation conditions.

24. The system 1n claim 23, wherein said detecting voltage
signal 1s connected to an mput terminal of a first comparator
having 1ts other input terminal being connected to said first
reference voltage, said detecting voltage signal also con-
nected to an mput terminal of a second comparator having its
other input terminal being connected to said second reference
voltage, and

11 the maximum value of said detecting voltage signal 1s
larger than said first reference voltage, said first com-
parator sends an output signal to trigger a short-circuit
condition; and

11 the maximum value of said detecting voltage signal 1s
smaller than said second reference voltage, said second
comparator sends another output signal to trigger a
short-sensing-capacitor condition.

25. The system 1n claim 23, wherein said detector network
turther comprises a voltage divider that 1s coupled between
one end of said sensing capacitor and the other end of said
sensing capacitor or ground, and said voltage divider provides
said sensing voltage.

26. The system 1n claim 25, wherein said voltage divider
contains two resistors 1n series or two capacitors 1n series.
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